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Adsorption isotherms (at 35°) of methanol and ethanol on a few vegetable proteins have
been determined. These are of type II of BET classification Indicattng formation of multi.
molecular layers at hi~her relative vapour pressures (r.v.p.), The application of Frankel,
Halsey and Hill equation shows formation of multilayers at r.v.p, ,...,0·65. The data have been
found to conform to BET as well as Harkins and Jura equations. The absorbate molecules
appear to be oriented parallel on the protein surface. The proteins probably have microporous
structure and some of the minute pores which may be accessible to water molecules are not
available to relatively Iarger molecules of methanol and ethanol. Adsorption of polar vapours
appears to take place at specific sites constituted by polar groups in proteins in the form of
patches or clusters which ~row in size with Increasing r.v.p, The free energy change accom-
panying the sorption process shows an abrupt change at the point of completion of monolayer
in each case.
ADSORPTION of water vapour by animalproteinsv+ including caseins has been ex-tensively studied. The experimental data,
besides indicating polar-polar interactions, have
been used to characterize the proteins and to esti-
mate their specific surface areas. Recently, we
have reporteds the results of similar investigations
on a few vegetable proteins. It was thought of
interest to extend these investigations to sorption
of methanol and ethanol vapours with a view to
studying the effect of hydrocarbon-chain on inter-
action of polar -OH group with the polar groups
present in proteins and obtaining an idea regarding
the orientation of such molecules on the surface.
Materials and Methods
Two types of soybean protein and their major
fraction, glycinin, constituting nearly 90% of the
protein, were isolated from the Punjab and Bragg
varieties of soybeans. Peanut protein and its
major fractions, namely arachin and conarachin,
were isolated from C 501 variety of peanut of Punjab
Agricultural University. The methods used for
the extraction were the same as reported earlier".
Wheat protein (gluten, BDH) was used as such
and was also fractionated into gliadin and glutenin
using acetic acid according to the method of Blish
and Sandstedt". The proteins were washed with
acetone and ether and dried to constant weight
by keeping in vacuo over conc. H2S04,
Adsorption isotherms of methanol and ethanol
were determined at 35°+0·02° using the technique
based on McBains balance with quartz fibre spring
(sensitivity = 18 cm/g). 0·2 g of the protein was
taken for adsorption studies in each experiment.
The time required for the attainment of equilibrium
varied between 2 (at lower vapour pressures) and
4 hr (at higher vapour pressures).
Results and Discussion
Adsorption isotherms of methanol and ethanol
on various proteins are plotted in Figs. 1 and 2
respectively. Most of the isotherms are of the type
II of BET classification indicating formation of
multimolecular layers. Each protein is seen to
give its own characteristic isotherm even though
there may be some overlapping of the values at
some of the relative vapour pressures. Amongst
the various proteins, Bragg variety of soybean
protein and glutenin fraction of wheat gluten take up
maximum amounts of methanol and ethanol vapours
while conarachin fraction of peanut protein takes
up the minimum amount at almost all relative
vapour pressures (r.v.p.). A notable feature of
these isotherms is that the whole soybean proteins
of both the varieties and the whole peanut protein
take up appreciably more of methanol and ethanol
than their respective fractions, namely glycinin,
which constitute nearly 90% of soybean protein
and arachin and conarachin which, between them-
selves, constitute nearly the whole of peanut protein.
The differences in the sorption values of ethanol
are more pronounced than those in the sorption
values of methanol. The reason for this behaviour
appears to lie in the difference in the methods of
extraction used for the whole proteins and their
fractions. While the whole proteins were extracted
using sodium hydroxide, their fractions were ex-
tracted from the same source using sodium chloride.
The chain in a protein extracted with a salt solution
is likely to be coiled up to a larger extent than that
in a protein extracted with an alkali solution 7.
The former is, therefore, expected to expose much
less surface than the latter to the adsorbate vapours.
On the contrary, in the case of wheat gluten.
its fractions gliadin and glutenin take up more of
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Fig. 1 _ Sorption isotherms for methanol vapours on various vegetable proteins at 35°
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Fig. 2 - Sorption isotherms for ethanol vapours on .various vegetable proteins at. 35°
methanol or ethanol vapours than the unfractionated
gluten itself. However, these fractions were iso-
lated from the whole gluten and were not extracted
with salt solution as in the case of soybean and
peanut proteins. The reason for the lower sorption
capacity of the unfractionated gluten appears to
lie in the fact that when both the fractions are
present, the molecules of one fit into inter- and
intra-molecular spaces of the other leaving extremely
narrow microcapillary pores some of which may be
too minute to be accessible to methanol or still
larger ethanol molecules. This view receives support
from two facts. Firstly, the differences between
the sorption values of gluten and its fractions are
more in ethanol (molecular area = 25·1 J....2) than
in methanol (molecular area = 16·7 J....2). Secondly,
it may be noted that the differences in the case of
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sorption of water (molecular area = 10·5 J....2) were
found to be negligibly small".
It was thought of interest to examine the data
in the light of BET equation. The plots of x/V(l-x)
against x, where x is the r.v.p. and V is the amount
of vapour adsorbed, are fairly linear (Fig. 3) over
a r.v.p. range of 0,05-0·35, as required by the
equation. The values of the constant V,,, as obtained
from the slopes and intercepts of the plots are
presented in Table 1. The heats of sorption, E1,
in the formation of monolayer, as obtained from
the value of c = e(E,-Ez)/RT, where EI is the heat
of liquefaction of the adsorbate, axe included in
Table 1. .The corresponding values, as obtained
from the water isotherms reported earlier" are
also given in parentheses for comparison. It is
seen that these values are of the same order
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Fig. 3 - BET plots of methanol and ethanol vapour sorption on various vegetable proteins at 350
TABLE 1 - SPECIFIC SURFACE AREAS AND HEATS OF SORPTIONS OF VEGETABLE PROTEINS AS OBTAINED FROM
WATER, METHANOL AND ETHANOL ISOTHERMS
Description of the sample Vm (g/100 g) Specific surface area (m'/g) £1 (kcal/mole)
Methanol Ethanol BET equation Harkin-j ura Methanol Ethanol------~- equation (water)
Methanol Ethanol --------
(water) Methanol Ethanol
Whole Punjab soybean No.1 5'52 4·77 174 157 185 165 10·202. 11·347
protein (175) (11'363)
Glycinin fraction of Punjab 5'07 2'88 160 95 164 97 9·815 10·893
soybean No. 1 protein (184) (11'371)
Whole Bragg soybean protein 6·22 5·15 196 170 205 178 10·353 11'504
(196) (11-671)
11-186Glycinin fraction of Bragg 5'71 3·03 180 100 172 104 9·909
'soybean protein (199) (11'766)
Whole peanut protein 5·81 3·84 182 126 199 134 10·035 11·216
Arachin fraction of peanut 5·27 2·36 166 78 178 89 9·876 11·281
protein (201) (11·230)
'10·616Conarachin fraction of pea- 4·24 1·92 133 63 125 64- 9'572
nut protein (176) (11·357)
Whole wheat gluten 4·34 2·10 136 70 128 73 9·704 11'088
(198) (11·241)
Gliadin fraction of wheat 5·68 .4'71 178 155 187 159 9'889 11·281
.gluten (180) (11'05+)
Glutenin fraction of wheat 5·95 5·26 187 173 198 181 10·197 11-695
gluten (188) (11'218)
indicating similar type of interactions in both the
cases.
The values of surface area, calculated from Vm,
taking molecular areas of methanol and ethanol
as 16·7 and 25·1 A2 respectively and assuming
parallel orientations, are also included in Table 2,
The corresponding values obtained from water
isotherms" are also included for comparison.
The isotherms were also examined in the light
of Harkins and Jura equation", The plots of log x
against l/P (Fig. 4) are linear as expected. The
values of surface area', as obtained from. the' slope
(A) of these plots by the' expression, 5 = KAt,
are also given in Table 1. K in the above expression
is a constant and has a value of 3·67 for alcohols",
ItTs interesting to note that the values obtained
from two different equations based on different
postulates are in fairly good agreement. Since
Harkins-j'ura treatment does not require knowledge
of molecular area of the adsorbate which, for the
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Fig. 4 - Harkins-Jura plots of methanol and ethanol vapour sorption on various vegetable proteins at135°
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TABLE2 - AMOUNTSOF METHANOLAND
ETHANOLREQUIREDON THE BASIS OF
ONE MOLECULEPER IONICGROUP
Description of the Number of Vm calculated on
sample ionic groups the basis of one
(meq/100 g) molecule per
iouic group
(g/100 g)
Methanol Ethanol
Whole Punjab soybean 233 7'46 10'72
No. 1 protein
270 8'64 12'42Glycinin fraction of
Punjab soybean No.1
protein
269 8'61 12'37Whole Bragg soybean
protein
291 9·31 13·39Glycinin fraction of
Bragg soybean protein
9'70 13-94Arachiu fraction of 303
peanut protein
347 11-10 15·96Conarachin fraction of
peanut protein
132 4'22 6·07Whole wheat gluten
Gliadin fraction of 107 3-42 4'92
wheat gluten
4'58 6'58Glutenin fraction of 143
wheat gluten
purpose of calculation from the BET constant,
Vm, has been deduced on the assumption of parallel
orientation of the adsorbate molecules, it appears
highly reasonable to conclude that methanol and
ethanol moleculesare oriented parallel on the protein
surface.
Surface area of a given protein varies with the
nature of the adsorbate, generally decreasing with
an increase in the molecular dimensions of the
adsorbate. It appears that the proteins are micro-
porous so that some of the minute pores which may
be accessible to smaller molecules of water may
240
not be available to relatively larger molecules of
methanol and still larger moleculesof ethanol. This
view was checked by determining desorption iso-
therms of methanol and ethanol on two of the'
proteins (Figs. 1 and 2). It is significant to note
that while the water isotherms on these systems.
are reversible", there being practically no hysteresis,
methanol and ethanol isotherms show distinct
hysteresis and the area of the loop is more in ethanol
than that in methanol.
Each isotherm can be split up into three parts.
The first part extends up to ",0·3 r.v.p. at which.
point the sorption corresponds to a value close
to Vm· The secondpart extends from ",0·3 to •....•0·6-
or 0·7 relative vapour pressure. In the third part
(beyond 0·7 r.v.p.), the isotherm swings upward
rather abruptly which is generally a characteristic-
of multilayer formation. In order to check for-
mation of multimolecular layer, the data were-
examined in the light of Frankel, Halsey and Hill
equationt? (Eq. 1) which is known to be valid for
multilayer formation only.
log (log Po!P)= r log V!V m ••• [I)
Here r is a constant characteristic of adsorbent-
adsorbate system. The plots of log (log Po!p)
against log V for the sorption of methanol as well
as ethanol are linear in the region of high relative
vapour pressures (beyond ",0·65 r.v.p.) confirming
multilayer formation in this region. The deviations
are observed in lower regions in which multilayer
formation has not yet commenced.
It has been found in the case of sorption of water
vapour by casein- and most of the vegetable proteins+
included in the present study that Vm corresponds
to the sorption of one molecule of water per ionic:
polar group in the side chain. According to this-
view, Vm is more a measure of lyophilic surface-
than that of the whole of the surface. In order
to check this in the case of sorption of methanol
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TABLE 3 - FREE ENERGY CHANGE IN THE SORPTIONOF METHANOLAND ETHANOLAT SATURATIONVAPOUR PRESSURE
AND NUMBER OF STATISTICALLAYERS FORMED AT 0'95 r.v.p.
Description of the sample
Whole Punjab soybean No.1 protein
Glycinin fraction of Punjab soybean No. 1 protein
Whole Bragg soybean protein
Glycinin fraction of Bragg soybean protein
Whole peanut protein
Arachin fraction of peanut protein
Conarachin fraction of peanut protein
Whole wheat gluten
Gliadin fraction of wheat gluten
Glutenin fraction of wheat gluten
Free energy change (- IJ.F) Number of statistical
layers formed at
Methanol Ethanol 0·95 r.p.v.
(water)
Methanol Ethanol
429 243 3-5 2'9
(559)
326 124 3-2 3'2
(568)
482 271 3·3 2'9
(689)
374 153 H 3'4
(706)
400 195 3'0 3'5
331 130 2·5 4'4
(618)
237 74 H 3'3
(557)
270 100 H 4·9
(540)
400 238 3-5 3'4
(489)
471 299 Jo7 3.5
(530)
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methanol and ethanol vapours on various vegetable proteins at 35°
and ethanol, the amount required to cover each
ionic polar group in a protein by one molecule of
each adsorbate was calculated. The results are
given in Table 2. It is seen that the amount cal-
culated is higher than the corresponding value of
Vm (Table 1) in most cases. This is more apparent
in the case of ethanol than methanol and may be
due to the larger radius of the nonpolar alkyl group
in the alcohols.
It appears very likely that the sorption of polar
vapours by proteins occurs at the hydrophilic or
polar sites in the form of clusters or patches which
grow in size with increasing r.v.p., because of strong
dipole interactions and hydrogen bond formation.
Bull and Breese",workingwith someanimal proteins,
have indicated that adsorption of water takes place
at specific sites and an increasing number of sta-
tistical layers (up to six) are formed at the same
sites at pressures close to the saturation vapour
pressure. The numbers of statistical layers of
methanol and ethanol formed on the various proteins
at 0·95 r.v.p. are given in Table 3.
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The free energy change (AF) for the transfer of
methanol or ethanol molecules from vapour state
to the surface of protein was calculated by the
method of Bul12 using Eq. 2.
AP =-RT J: nd In x ... (2)
where n is the number of moles of methanol (or
ethanol) per 100 g protein. The values between
any given range of vapour pressure can be obtained
by carrying out integration between the appropriate
limits as shown in Fig. 5.
Dole and Me Laren-! have suggested calculation
of free energy changes, AF', for the transfer of
adsorbate molecules from the vapour phase at
saturation vapour pressure, Po, to the protein brought
to a given vapour pressure, p, using Eq. 3.
AF'= AF+n RT In x ... (3)
The values of AF and AF', corresponding to the
sorption of methanol and ethanol at different r.v.p.
on various vegetable proteins are plotted in Fig. 5.
At saturation vapour pressure the two values become
identical as expected and are given in Table 3
alongwith those obtained earlier for the sorption
of water vapour". It is seen that the intensity
of interaction decreases in moving from water to
methanol and ethanol. It is also interesting to
note that the r.v.p. at which the value of AF' shows
an abrupt change corresponds to the point at which
the amount of sorption is close to the value of Vm
242
for m~th.anol as well as ethanol. This shows clearly
the significance of Vm value. Evidently, there is
an abrupt change in the intensity of interaction
beyond the formation of a monolayer in each of
the adsorbate-adsorbent systems.
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